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FUNCTIONAL POLYMORPHISM OF EACH OF 
THE TWO HLA-DR 0 CHAIN LOCI DEMONSTRATED WITH 
ANTIGEN-SPECIFIC DR3- AND DRw52-RESTRICTED 
T CELL CLONES 

By C. IRLE.* D. JAQUES* J.-M. TIERCY,*-* S. V. FUGGLE,* J. GORSKI * 
A. TERMIJTELEN, 1 M. JEANNET * and B. MACH* 

From the transplantation Immunology Unit, Division d'lmmunologie et d'Allergologie, 
Department of Medicine, Hopital Cantonal Universitaire, and the ^Department of Microbiology, 
Unwersity of Geneva, Geneva, Switzerland; the 'Nuffield Department of Surgery, University of 
Oxford, Oxford, United Kingdom; and the department oflmmuno-Hematology, University of 

Leiden, Leiden, The Netherlands 

The human class II genes encode heterodimeric glycoproteins that belong to 
at least three major HLA-class II families: the HLA-DR, -DQ, and -DP molecules. 
They play a central role in antigen presentation and in the control of immune 
responsiveness. Immune reactions are initiated after antigen presentation to the 
TCR by accessory cells (APC) in the context of class II molecules (1, 2). 

Progress in the molecular genetics of HLA class II gv.nes has clarified the 
genetic organization of the HLA-D region (S). The molecular basis for the allelic 
polymorphism at the individual class II loci has now been analyzed directly at 
the DNA sequence level and by oligonucleotide hybridization (4, 5). Two 
expressed DR 0 loci have been identified and linked in the HLA-DRw52 
supertypic family (6). Locus DR 01 encodes the well-known DR specificities DR3, 
w5, and w6, while locus DR 0III encodes the supertypic specificity HLA-DRw52 
(7). The latter has recently been shown by DNA sequence analysis to include at 
least three alleles, called 52a, 52b (4), and 52c (Gorski, J., et al., manuscript in 
preparation), which can be identified by oligonucleotide typing (5, 8, 9). HLA- 
DR protein heterogeneity has also been observed by two-dimensional (2-D) 1 eel 
electrophoresis (10, 11). 6 

The identification of this molecular and genetic HLA-DR 0 polymorphism in 
DRw52 haplotypes has prompted us to investigate in detail its functional aspect. 
To this end, T cell clones were isolated after in vitro tetanus toxoid (TT) 
restimulation of PBMC from immune donors. This study focuses on the corre- 
lation between the functional and the structural polymorphism within DRw52 

This work wassupported by grants 3904083 and 3912086 orthe Swiss National Research Foundation. 
»HHr« y . f^t U nJ5Z tTe * ?5 che r ches Medicales Carlos et Elsie DeReuter. J. Gorski's present 
5323? " S ° Uthea5tem w »con«n. 1 701 West Wisconsin Ave., Milwaukee, WI 

' Abbreviations used in this paper: CM. culture medium; 2-D, two-dim nsional; GAMIg, goat and- 
mouse Ig; HTC, homozygous typing cell; TT, tetanus toxoid. 
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haplotypes, by comparing the pattern of reactivity of selected TT-specific, HLA- 
DR3- and DRw£2-restricted T cell clones with the pattern of allele-specific 
hybridization with oligonucleotides in panel and family studies. The specificity 
of the antigen specific clones was also compared with that of the LB-Q1- 
alloreactive T cell line RT279 that was previously shown to recognize a subset 
of cells within DRw52 (12). The data presented show that the majority of the T 
cell clones isolated are restricted by epitope(s) of the DR 01 locus (DRS), but that 
other clones are clearly restricted by DR 0111 (DRw52) locus products. These 
clones can distinguish between the allelic products of locus DR 0111. The 
correlation between this functional polymorphism and the molecular basis for 
allelic diversity of the two DR 0 chain gene products is discussed. 

Materials and Methods 

G™' ration °fj Cetl Clones ' Cultures were carried out at 37 °C in an H»0-«turated, 
5% CO, atmosphere. RPMI 1640 (Gibco AG, Basel, Switzerland) supplemented with 15% 
human AB serum from male untransfused volunteer donors and antibiotics was used as 
culture medium (CM). PBMC were obtained from volunteer donors by venipuncture 
"K! on vf^^«. heparin (N> IU/ml Liquemin Roche, lot number B0155 S.A.; F. 
C™??^ M^-*- 06 AG » Switzerland) density centrifugatton over Ficoll- 

K§!fl9£j&&J$|?*» p hannacia Fine Chemical AB, Uppsala, Sweden), two washes in 
™?' 'iW&mgmgmM CM - PB MC from selected donors were restimulated in 10 ml of 
CM and pfe^ jn 30-ml culture flasks (Corning 25100; D. V. Kobrin SA, Chambesy, 
Switzerland) as follows: 10 7 responders were cocultured with 10 7 autologous cells that 
have been previously incubated during 4 h with TT (Number FV.2; Institut Merieux, 
y ^'/?, 1 ? ce), ?V a di,u ^!° n of I:2 ' 500 (""'ess otherwise indicated), washed three rimes 
^ lo ^ by ,rradiatio n (95 cGy). After 4 d of culture, the cells were harvested 
fvx v <;e 2J^ 8 « were iso,ated b y densit y gra^ent flotation using a Percoll gradient 
(Number 26239; Pharmacia Fine Chemical AB). Cells layering at the interphase between 
50 and 55% (consisting mostly in blasts) were harvested, washed three times in CM, and 
used for cloning in limiting dilution culture. Autologous irradiated and TT-pulsed PBMC 
(10 /well) were dispensed together with 0.3 blasts/well into 72-well microliter culture 
grade Terasaki microculture trays (model F 3034 Microtest; Falcon Labware, Oxnard, 
CA) in a total volume of 20 pi of CM supplemented with 15% of an IL-2-containins 
culture su|>ernatant(Lymphocult T, number 1 15074; Biotest Serum Institut, Frankfurt, 
Federal Republic of Germany). After 7 d the welb were inspected microscopically for 
growth, and confluent cultures were transferred into flat-bottomed, 96-well, 200-ul 
microculture trays (Falcon Labware 3070) containing Lymphocult-supplemented CM. 
Growing cultures were then tested for TT specificity with the autologousAPC, incubated 
either with diphtheria toxoid, (1:5,000 dilution). Candida antigen, (1:5,000 dilutbn), 
Proteus antigen, (1:100 di ution), trichophyton antigen, (1:5,000 dilution) (Institut Mer- 
deKribed above ( 40 u /ml; Statens Seruminstitute, Copenhagen, Denmark), or TT as 

HLA Typing; PBMC from volunteer blood donors were HLA typed using the standard 
asS^lS) UteS Health (Bethesda, MD) complement-mediated microcytotoxicity 

Cryopreurvation. PBMC and T cell clones were stored in the vapor phase of liquid 

?JJ» ffwil 1 ;^ ,, w ,a,8 . a il! tamin 8 5-10 x ,0 * cel,s «"»pended in CM supplemented with 
10% DMSO (E. Merck, Darmstadt, Federal Republic of Germany). 

"^Vi^J^ig Cells (HTC). PBMC from the HLA homozygous donors AVL, 
QBL, CAA, HHK, HAR were kindly provided by J. J. van Rood, Department of 
Immunohematology, University Medical Center, Leiden, The Netherlands, and by G. B. 
Ferrara, Institut Nazionale per la Ricerca sul Cancro, Genova, Italy). 

Monoclonal Antibodies (mAb). We gratefully acknowledge the gift of the following 
mAbs for these studies. Their specificity and origin is indicated in bracket*: Tu 22 (DQ) 
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5) W^V^Tlirfffi wlTmV' ¥ /2l{ T' fr ° m N - reference 
iD), ui/14 {UK, 5. Carrel, lb), GSP4.1 (DR; Genetic Systems Corn S^rri* vja 

ISLJr (S ° me RW ?1 S - ^ Fuggle ' «■»«■«■* submitted for pu»iS^n2 
antibodies were provided m form of ascites and tested after dialysis a3n S 
centnfugation. The dilutions of ascites that were tested are indica 3fa 

/mi»ttnq/hior«o!nc ft All manipulations were performed at 4 0 C. 10 5 cells were su*. 

c^nt at'^faZdr? tW ° ^ for indire « hE«X££ 

Srum Jbs?„H™Ik 8 "^Procedures. Cells were stained first with 5% goat 
^ T IK x ™ b ' v i ashe ^, t Jl ree fnes, then washed three times with goat anti-mouse 




p^» 

Flow Laboratones AG, Zug ? Switzerland). After 48 h of coculture, 1 „Ci of PH]TdR (TP 
1 20; Amersham International Ltd., Amersham, UK) was added into each well "nd cukures 
were harvested on glass filters 8-12 h later. pHJTdR incorporation was detemS bv 

T Cell Functional Blocking Studies. Antigen-pulsed and irradiated stimulator cells were 
incubated with mAbs or CM for 1 h and washed three times, m£SSSS^S 
Responder clones^ X 10<) were added to 5 X 10 4 stimulators for a T cdl proMferadon 
assay (see above). The percent relative response of the responder clones to TT-APC^ 
the presence of mAbs was calculated as follows: Percent relative reswn 2 = 100 x £™™ 
test + mAby ( cpm CM control)]. Where cpm test + iSl SSwHSS^I of ffiE 
exposed cultures .n the presence of antigen, less [ s H]TdR incoipo ra ti3f^ Ab^xposed 
cultures without antigen, and where cfm CM control is f 9 H]TdR incor^ratioh ofCM 
treatedl cultures with antigen, less [ s H]TdR incorporation' of CM-treaJXK S 

n^^TuZxZr^, WCre CU,tU 7 d [°o r . 2 ° hbefon a,Ui « e » «P« i" ** 
presence ot 250 U/ml of rINF-y (generous gift of Biogen SA, Geneva, Switzerland) 

f O tgmuckohde Typing. DNA was prepared as described previously by M GrovBellard 
et al. (20) from the B cell lines AVL and QBL and from ^dbcWTrHASS!r2 
LCL derived from volunteer blood donors who were HLA-typed in our laboratory DN A 
SSElSr ^i 1 < fc **P'.AG. Mannheim, Feffi R^ubt oSm^J 
elecirophoresed in 0.7% agarose gels in Tris-borate/EDTA buffer (pH 8.3) and trans- 

GGArrTrrr^f^^T^'Tu 6 52a P robe is complementary to the sequence 
H%A HR^Sf * AGTCTGAG , of *e HLA-DRw52a allele at positions 1 l-29or the 
OTCrrrrirfe 52b is complementary to the sequence 

5 ° GACACTTCC ° f 5 he DRw52b a,,ele at P 05 " 50 ™ 62-81; and oligo- 
thT SSJ ^complementary to the sequence GTTCCTGGAGAGATACTTCC of 
the DRw52c allele at positions 62-81 of the HLA DR/JI1I locus (Gorski, I et al 

21, OligonucleoUdes were e^SlAwkh v 
I i*ja rp (sp act - 5,000 Ci/mmol; Amersham International; ICi = 37 GBa) bv T4 
polynucleotide kinase (Pharmacia Fine Chemical AB) to a sp act of 5 x iKm/ie 
Prehybndizauon and hybridization with the labeled oligonucleotides (1.5 X 10" Sm/S 

NaDodSo4 (wt/vol) was used in both prehybridization and hybridizati n soluti ns The 
membranes were washed for 1 h at 50»C (oligonucleotide 52b: 53»C) in 3X NaCI/a! 
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(IX NaCl/Cit = 150 niM NaCl, 15 inM trisodium citrate, pH 7.0), 10x D nhardt's 
solution, 5% (wt/vol) NaDodSo4, 25 mM sodium phosphate (pH 7.0), and then f r 1 h at 
50°C ( ligonucleotide 52b: 53°C) in lx NaCl/Cit, 1% NaDodSo4 (9). Aut radi graphy 
was done for 5-15 d on preflashed X-AR5 Kodak films, using CAWO SE4 intensifying 
screens. 

Results 

Generation of T Cell Clones Specific for TT and Restricted by DR3-associated 
Epitopes. PBMC from two donors immune to TT (d.1417 and d.2778) were 
selected for these studies. These donors differed for the DR3-associated haplo- 
types (d.1417: HLA-Al,-;B8,21;DR3,-;DQw2,-/d.2778: HLA-A2,3;B5,12; 
DR3,6;DQwl,2). Their PBMC were restimulated in vitro with TT and cloned 
exactly as described (Materials and Methods). After cloning of d.1417 PBMC, 
44 TT-specific clones (50% cloning efficiency) were obtained, and 1 1 TT-specific 
clones (cloning efficiency 19%) were derived from PBMC of d.2278. Of these 
55 clones, 17 from d.1417, and 7 from d.2278 could be expanded sufficiently 
and screened for TT-specific proliferation against a panel of irradiated allogeneic 
PBMC from unrelated donors. This panel of PBMC was designed to allow 
selection qf clones restricted by DR but not DQ determinants. We therefore 
included three DQw2 cells associated with non-DR3 haplotypes and two DQwl + 
cells, since DQwl, and both d.2778 and d.1417 the DQw2 

antigens. Among the clones derived from d.1417 PBMC, four (clones 13, 16, 
49, and 90) had maintained their reactivity to the autologous TT-pulsed cell. 
Among the clones from d.2778, three (clones 5, 9, and 10) were still reactive, 
and specific for TT; these clones were not stimulated by any of five other 
antigens (diphtheria toxoid, Candida antigen, proteus antigen, trichophyton 
antigen, and tuberculin; see Material and Methods) tested using the autologous 
APC. All these clones were CD3 + ,CD4 + I CD8". The results obtained with these 
seven informative clones are shown in Table I. None was restricted by DQwl-, 
and DQw2-associated epitopes. Clone 10 proliferated only to one DR3 TT-APC. 
This indicated restriction by a determinant distinct of DR3, or DQw, since none 
of the other TT-DQw2 + DR3 or DR7 APC tested in this panel stimulated clone 
10. More extended panel studies were therefore performed to define the restrict- 
ing determinant of this clone. 

The DR3-associated Restriction Polymorphism Defines Three Clusters within DRw52 
TT-APC. The detailed specificities of these clones were explored against a panel 
of unrelated irradiated APC that covered a large spectrum of HLA-DR specific- 
ities. They were previously pulsed with TT or PBS. Clones 5, 9, 13, 90, and 49 
reacted similarly and specifically to TT-DR3-APC. Representative results ob- 
tained with clone 49 are shown on Table II. This contrasted with the results 
obtained with clone 16 and clone 10. Clone 16 reacted specifically only to some 
TT-DR3-APC, and some TT-DRw6-APC. Interestingly, among four DR3 HTC 
(AVL, HAR, CAA, QBL) tested, QBL failed to present TT to clone 16. Clone 
10 proliferated specifically to approximately half of the TT-DRS-APC, all TT- 
DR5-APC, and some TT-DRw6-APC. These TT-APC did not stimulate clone 
16, except for three of the TT-DR5-APC that also expressed DR3, DRw52 
encoded on the second haplotype (d.2757, d.521, d.891). Interestingly, clone 10 
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Table I 

Proliferative Responses of Tetanus Toxoid (TTyspecific Selected Clones: Preliminary Screening 
f or DQw2 Nonreactwe Clones 



Stimulator cells 



Donor 


HLA typing 


TT 


number 


DR 


DQw 


4-/— 


895 


7.9 


2,3 


+ 


1213 


6,7 


1 2 


+ 


2644 


4.7 


2.3 


+ 


766 


U 


1.2 


+ 


22 


3,10 


1.2 


+ 


1675 


3,1 


1.2 


+ 




3,- 


2- 


+ 


2190 


3,4 


2,3 


+ 


|2778i|* 


3,6 


1.2 


+ 











['HJTdR incorporation* 



Clones from donor 1417 



Clones from donor 2778 



13 


16 


49 


90 




cpm 






0.4 


0.6 


0.2 


0.3 


0.2 


0.2 


0.3 


0.4 


0.2 


0.3 


0.1 


0.4 


0.4 


0.1 


0.2 


0.3 


0.6 


0.3 


0.5 


0.3 


0.3 


0.1 


0.2 


0.3 


1.5 


2.1 


63 


2.6 


0.4 


0.3 


0.2 


0.1 


1.8 


6.3 


10.6 


11.8 


0.3 


0.2 


1.0 


0.2 


4.0 


12.1 


12.6 


8.1 


0.4 


0.4 


0.6 


0.1 


23 


33 


7.4 


8.1 


0.4 


0.4 


0.4 


0.2 


NT* 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


NT 



5 



10 




* m ^? S °f cultures; standard deviation 

<2UV6. Results in boldface indicate positive data. 

These were used for cloning, resulting in the cell lines shown in the table 
■ NT, not tested. 



of the mean was always 



was stimulated by TT presented by the HTC QBL, and failed to react with the 
other DR3 HTCs. Thus, the reactivity of clones 10 and 16 reflects recognition 
ot mutually exclusive epitopes on TT-DRw52-APC. 

«. T I ie «n , | > ™ typiC ^ificUy is almost perfectly associated with 

, ?a ■ * " 5 » ' w6 » and -w8 by serology. Clone 16 was not stimulated at all and 
clone lOonlyvery weakly by TT-DRW8 APC. This result indicates a significant 
functional difference between HLA-DRw52 associated with HLA-DRw8 and 
with HLA-DR3, -5, and -w6 haplotypes respectively. One TT-APC that ex- 
pressed only one DRw52 allele (d.3135: HLA-DR2,w6;DRw52,-;DQwl,-) slim- 
med toh clones 10 and 16. This cell (a) failed to stimulate the alloreactive 
LB-Ql-speafic T cell line RT297, that otherwise overlapped completely with 
the pattern of reactivity of clone 10 (Table II), and (*) differed from the other 
DRw52 cells in the oligonucleotide typing experiments (see below and Fig. 4). 
This result suggests the existence of a third restriction epitope of DRw52 in 
niTfli?. R /^ 6 ha P ,ot yP es ' in agreement with the identification of a third allele of 
DR 0III (Gorski, J. f et al., manuscript in preparation). 

«Jk°feS? a " ? — °<" c,one 10 to 3 DR5 cells (among a total of 21 tested 
DR5 APC) was n ticed (Table II). These three cells were DRwll. This alloreac- 
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Table II 

Distinct HLA-DRw-52 Epitopes Are Associated with the Restriction for TT-reactive 

T Cell Clones 



Donor 



Stimulator cells 



I'HJTdR incorporation* (cpm X 10"') 



HLA typing 



Clone number tested 



Allpreac- 
tive line 





A 


B 


DR 


DOw 


+/- 


49* 


16* 


10< 


RT 27Q B 


AVL 


1.1 


8,8 


3,3 


2,2 


+ 


153 




1.9 


0.7 

















0.1 




0.1 


0.7 


0.2 


HAR 


1,1 


8,8 , 


3,3 


2,2 


+ 


15.6 




2.0 


1.2 


— 














0.1 




0.1 


' 1.2 


NT 


CAA 


1.1 


8,8 


3,3 


2,2 


+ 


33.5 




3.1 


0.7 


— 














0.1 




0.2 


0.7 


NT 


1417* 


1,— 


o,2 1 


3,- 


2,— 


+ 


31.8 




3.3 


0.5 


— 














0.3 




0.2 


0.5 


0.2 


99 
22 




1 9 9*7 
12,2/ 


3,1U 


t ci 

1.2. 


+ 


52.5 




6.0 


0.5 


— 














0.2 




0.2 


0.3 


0.2 


IfiTft 


1 Q 


19 91 


3,7 


2,- 


+ 


27.6 




6.7 


1.1 


— 














0.3 




0.2 


0.5 


0.2 


TlAjD i 


1 Q 
I.* 


id,3a 


3,- 


2,- 


+ 


33.7 




<U 


0.2 
















h 1 ' 




6.2; 


0.1 


n 9 

U.2 


31591 


1 — 
* . 




Of 1 


9 — 
2, 




24;8 




113 


0.6 
















0.1 




0.1 


0.6 




ORI 


9A OA 
20,20 


lo,lo 


3,3 


CI 0 

2,2 


+ 


17.5 


0.2 


283 

















0.4 


0.2 


0.6 


19.9 


1 A7d 
10 / 1 


1 9 
I.* 


1 T ■ 1 Q 


3,7 


2,— 


+ 


21.4 


0.2 


35.6 


— 














0.2 


0.2 


3.0 


23.1 


2778* 


2,3 


5,12 


3,6 


1,2 


+ ■ 


20.9 


0.3 


45.4 


— 












— 


0.2 


0.2 


0.4 


43.2 


2757 


1.3 


7,8 


3,5 


2,3 


+ 


54.8 




7.0 




68/2 


— 












- 


0.3 




0.3 




0.3 


423 


521 


1,28 


5,8 


3,5 


2,3 


+ 


23.0 




3.1 




70.8 


— 












— 


0.2 




0.2 




4.5 


44.9 


NM 


1.24 


8,57 


3,5 


2,3 


+ 


28.0 




3.2 




40.4 


— 












— 


0.1 




0.2 




0.4 


11.7 


891 


2,9 


15,22 


3,5 


2,3 


+ 


65.2 




1.5 




90.6 


— 














0.4 | 


0.3 




0.5 


29.9 


497 




id it* 


0.1 


1 9. 
1,3 


1 

+ 


0.2 


0.2 


"53" 
















0.3 


0.3 


0.5 


33.8 


673 


1,19 


12,17 


5,2 


1,3 


+ 


0.3 


0.3 


60.0 
















0.3 


0.2 


17.5 


483 


1165 


3,10 


7,12 


5,2 


1.3 


+ 


0.2 


0.5 


27.7 
















0.2 


0.2 


5.2 


34.5 


1104 


9,24 


7,12 


5,2 


1,3 


+ 


0.5 


0.3 


37.8 
















0.2 


0.3 


1.0 


363 


KD 


2- 


5,12 


5,4 


3- 


+ 


0.2 


0.2 


10.7 
















0.1 


0.2 


0.3 


NT 


2657 


9,19 


12,21 


5,7 


2,3 


+ 


0.1 


0.2 


26.1 
















0.2 


0.1 


0.2 


19.8 


JVM 


2,2 


18,18 


5,5 


3,3 


+ 


0.2 


0.1 


30.7 
















0.1 


0.1 


0.1 


13 


ATH 


25,25 


18,18 


5,5 


3,3 


+ 


0.3 


0.1 


39.6 
















0.2 


0.1 


0.2 


16.0 
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Stimulator cells 



[ s HJTdR incorporation* (cpm i X I 0~ s ) 



Donor 




HLA typing 




TT 
t i 


Clone number tested 


Alloreac- 
tive line 




A 


B 


DR 


DQw 




49* 


16* 


105 


RT 279 1 


WAP 


2,31 


1 o, lO 


1 5* 


1 3,3 


+ 


0.2 


0.1 


25.3 
















0.1 


0.1 




0.2 


19.7 


rlrlK 


3,3 


7 7 


o,o 








+ 


0.2 


3.3 


0.5 




1213 


1 1 lO 


I O A A 


6,7 


1,2 


+ 


0.2 
0.2 


0.2 
2.1 


0.4 
0.5 


0.1 


2221 


1.2 


7.8 


2,6 






0.2 


0.1 


0.4 


0.2 


1.- 


+ 


0.2 


0.2 


33.4 




3135 


3,32 


7,8 


2,6 






0.2 


0.2 


0.7 


43.2 


1.- 


+ 


1.0 


10.7 




13.9 




2134 












0.2 


0.2 




0.4 


0.3 


1,2 


7,40 


2,8 


1,3 


+ 


0.7 


0.2 




3.0 




2995 


2,9 


5,35 


2,8 


1.3 


+ 


0.1 
0.5 


0.1 
0.3 


0.2 
1.4 


0.3 


1157 


10,19 


5,27 


1.9 


1.3 


+ 


0.1 
0.2 


0.2 
0.1 


0.2 
0.2 


0.2 


2913 


3,31 


15,37 


1,10 


1,- 


+ 


0.3 
n a 


0.3 
0.1 


0.4 
0.3 


0.2 


ES 


3,10 


12,35 


1,10 


1 . 


r 


0.3 
0.3 


0.3 
0.3 


0.5 
0.2 


0.3 


1484 


2.- 


12,18 


2,4 


1.3 


+ 


0.2 
0.2 


0.2 
0.2 


0.1 
0.3 


0.3 


658 


2,3 


7,21 


2,7 


1.2 


+ 


0.3 
0.3 


0.2 
0.3 


0.5 
0.5 


0.1 
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13,15 


4,7 


2.3 


+ 


0.2 
0.3 


0.5 
0.7 


0.4 
0.3 


0.2 


ET 


1.2 


8,40 


4.7 


2.3 


+ 


0.2 
0.1 


1.0 
0.2 


0.1 
0.3 


0.2. 


895 


1.2 


13,27 


7,9 


2.3 


+ 


0.1 
0.2 
0.2 


0.2 
0.3 
0.2 


0.2 
0.7 
0.5 


0.1 
0.2 



oc - •t.p.caciiuiig a wrae spectrum ot OK hap Iotypes, which were tested 

? A^^.pr^^+),.^.rf ! «ap« (-) of TT £ng clones 49. 16, andlO ^r«SdmS 

^^fm^^ ^^^^ ^^^ first section of Results and Materials and 

1/ata shown reoresent means of trinVmt** ■ _■ . 



™ — ■ — - puamvc muns ooiainea in panel experiments. 

gushown represent means of triplicate cultures; the standard deviation of the mean was always 

* Clones 49 and 1 6 were obtained from donor 1417. 
■ Clone 10 was obtained from donor 2778. 

f jjl 279 « specific for the LB-QI allodeterminant associated with DRw52 
NT, not tested. 



tivity was most probably not due to DRwll, since among 16 DRwll cells no 
other one stimulated clone 10 in the absence of TT. Furthermore, no alloreac- 

Tl^^Zf J*™" 11 "TC JVM, which seems to represent a 
distinct DR5 (22), and which presented TT to clone 10. Since no pattern of 
association between alloproliferation and any HLA antigen was noticed, cross- 
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Table III 

Independent Segregation of the Restriction Determinants of 

a Family Study 



Donor 



Stimulator cells 



HLA haplotypes 



TT-specific proliferation* 



Clone 16 Clone 10 


0.3 




4.9 


0.2 


2.1 




12.1 




3.5 




27.7 




1.9 


0.3 



Father: a: A10, B7, DRl, 

b:A28, B17, DR3, DRw52, 

Mother: c: A9, B15, DR2, -, 

d: A28 f B27, DRw6, DRw52 

Sibling 1 b/d 

Sibling 2 b/d 

Sibling 3 a/d 



,} 



DQwl 
DQw2 

DQwl,- 



*f s l 



t HJTdR incorporation (cpm X 10" 9 ); standard deviation of the mean was always <2095. Results in 
boldface indicate positive data. 



reactivity between self + TT and an epitope that remains presently undefined 
^Pyfe^ of this observation. 

||g$fi^^ Restriction 

and #j6 haplotype- 

^$»|?||^^ specificity 
' I>R^2|p^^ APG; stimulated both clones 10 and 16. 

flSl^^ restriction with TT-APC from 

^ifl!^ as a consequence of parental 

MH||p|;|R^d -DRw6-associated haplotypes. A typical 
result of ^ is shown on Table III. In this family (family R), as 

weH ^ m W as transmitted on two distinct parental 

haplotypes to the chikto^ Clone 16 and clone 10 response patterns clearly allow 
to segregate TT-APC with distinct DRw52-associated haplotypes in the family. 
This demonstrates the functional significance of the allelic diversity within 
DRw52. 

^^^^Pf^^^ T Cell Clones Is Not Affected by Variations in Antigen 
Cwu^^ Expression. Effective antigen presentation by APCs 

is of antigen used during their incubation 

before^ testing, and on the level of HLA-class II expression (23-25). These 
factors were investigated using APCs that stimulated clone 16 or clone 10 in 
previous experiments. First, we tested the response of the clones to APCs that 
were incubated with TT dilutions ranging from 1:500 to 1:10,000. Increasing 
antigen concentrations resulted in increased proliferation (Fig. 1), Secondly, the 
influence of increased HLA-class II expression on the effectiveness of antigen 
presentation was explored after overnight incubations of APCs with INF-7. 
Increasing the level of DR expression augmented the magnitude of the specific 
T cell clone response (Fig. 2). In these experiments the specific pattern of 
reactivity of clones 10 and 16 was not modified. 

Inhibitor Effect ofmAbs Specific for HLA-Class II Epitopes on Antigen-induced 
Prol$r(^ $^ 10, and 16. Blocking of restriction determinants by 
mAbs rah abrogate the response of antigen-specific, restricted clones. To confirm 
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to 6 



clone 49 



done 16 




clone 10 



1250 

Dilutions. Tet toxoid 



861 

Figure 1. Prbifferadon of 
TT-specific T cell clones 49, 
16, and 10 to TT-APC 1417 
(autologous to clones 49 and 
16, ••••) and to TT-APC 
2778 (autologous to clone 10, 
0"-r^.^^PCSHM)ty^ 
ing see Table iif. i€lone 4<> 
reacts totiM T^EG j[both 
DR3). Clone 16 andjlp react 
only to the autologous TT- 
APC, which express diverse 
DRw52 alleles. Antigen satu- 
ration does not induce reactiv- 
ity of clone 10 and 16 to the 
opposite DRw52 alleles. 



2778 



if 



31591 




RELATIVE FLUORESCENCE INTENSITY (log 10) 
B 




A B 



f 109- 




HS£ £a<S3T ^ DR CX . presS i on evaluated ^ fluorescence flow cytometry 
wffiut £ Sl^f^?" t, f n PT ^™° n after iw^on of the APC in culture medium 
S'ftS FAC ? hn «) ° r „ w '*. INF ^ <*' «** FACS «n«). Experiments with TT APC 
from d.2778 (expressing the ORw52b allele), respectively d.3159I (expre«in K the DRw52a 
allete oligomicleotide typing result not shown elsewhere) are shown. Vp^nutionis tS 
wuh clone 10 and clone 49. INF-7 increased DR expression by teth APcX ~0 5 
res^se of clone 10 to TT 7 APC 2778 increased signiflcantly^d i no ™$nse £ 
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1: I: 1: 1: 
40 200 WO $000 



150. 



1: 1: 1: t: 
40 200 uxx> syooo 



tc 



100 



50 



1: 1: 1: 1: 
40 200 VK» $000 



16.23 




T T r r 



NDS-10 



rH4 



40 200 W0 $000 



1: l: 1: 1: 
40 200 tPOO $000 




i: i: VT 
40 200 WOO $000 



B 7/21 



t: 1: 1: TT 
40 200 1,000 $000 



Dilutions of Ascites 

is*^?R^IS^^ in increasing dilutions 

det^n^ffiindicSW^^ to mAb, and 

of tKe n*^ 



^ li% ? n , determ,nantS ° f C,ones 49 > 10 - and W relate to molecules of 
' he DR.fem,ly and not to DQ or DP, T cell clones 49, 10, and 16 Tere tSed 
for fe^c Proli^tion to TT-APC incubated with mAbs I3fc£ 
monomorphic determinants of the DR nn ™a no 7 i » specitic tor 
hlnrkin^ W^^» ! "ii • . . * °Q» Dp molecules. Some results of 
blocking e^penments illustrating this point are shown in Fig. 3. All three clones 
were S gn,ficantly blocked by anti-DR mAb GSP 4.1, Dl/lf, and TusTd ffeT 
ential b ocking was observed between clone 49 and clones 10 and 16 i 

t™tm£%^; since inh / bition ofclones ^l\lt^Ll 

since DR3 and DRw52 epitopes are located on distinct DR molecules (7) the 
si « ofT l° Ckmg $ duC l ° different amSTbmd ^ 

Sc Suss Yii ? ifferentiai b,ockin s by **« -Abs o? £52 

specific DR-restricted T cell clones was related by others (26) to recognition of 
concentrations, n nspecific inhibit, n seems unlikely. The best interpretation of 
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tfie^TRndiSp is that weak binding of Tu 22 to * m> • ^ 
at h.gh antibody concentrations. 3 DR associ ated epitope occurs 

^^Stt™* clones mapped to 
mAb 16.23 (specific for DR3 JnH ,n locking experiment with 

DRW52), .J ^3.19.1 (sp^ficTot TSrS?' ™ W W& for 
blocked the »R3-restrict^^ The mA b 16.23 

contrast, mAb NDS10 blocked clone in k\ DRw52r «* r icted clone 10. I n 

described above provide evidence fiTf • H ^ ndtia ^ The experiments 
alleles Wlte^^jfP -« map t^dist™ 
QBL, and d.3135. respectivelvDNA J!^ ■ ^"VP** of the HTCs AVL 
DR3 HTC AVL and QBL are .^ uen , c,n « StUdies have sh °"n that the 
and have identified a ^ aTel Tm^L ,n ^ DR ^ 

J , et al., manuscript in preparal™ 2C ° Rw6 (Gorski, 

oligonucleotide typing in ^ and 22? J""," ° f the by 
clones 49, 10, and le^Aselectio of ^^2^. h * l, ' ,,e ^ studied 
panel studies (represented in TaWe 11)^ are s^oim US,n j[. ce " s listed in the 
demo n strate a complete correlation between STS. 0 "^.. 4 - These studi « 
bndtzauon pattern and the reactivk? of cCe, ?V D ? W ? 2 3 /^""cleotide hy- 
overlap in the hybridization of the ofa£T i 6 * S T there was 3 ^P'ete 
reactivity of clone 10. Thed.3U> ^TT°AK ^ ^ 52b 
not the alloreactive LBO^pedfic T Veil V ^J^*""*** *** but 
the DRw52c oligonuc^tideT^ J ?X el* ™* typed DRw52c "*» 

S peafic T cell line RT279 is ab^nt from ^hSeC * "* LB "^ 1 

J^«^byoItaL^^ I ^? t f ,,e 2 ? with 52a and tljjtfb 
- teO, studies' The. resuTJ o^ ~ 
are shown (Fig. 5). These results TmomtrZ ^ ^ (fami, y R > 

correlauon between the alleles iof locus DR^m funct,ona ' and structural 

With- k Discussion 

4. 8). The DR friction of jS^!*? P 0 '^ 0 ^ 
assoaated with the highly polynXfc T/f t J,h " "T"** ' S to 
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oligo 52b 



oligo 52c 



DRw52 
oligo typing 

clone 16 
clone 10 

LB-Q1 



A .b a. ]> a 
a b a b F 



+ - 



+ 

+ + 
+ + 



abb 



+ ♦ 



a 



+ 
+ 



+ + - 



o.i r uc^ DNA e, ^J° DR , ^«^ ^« 49 O.and 16 we« analyzed urfng 
and their u« are dented in Materuf and^Sf t.^ "'^T leotide sequence 
^catfcn n«^^ DR typingand cell 

clone* 10 and 16. asSS SaEl ^ "J"** < + '-> «f «chof the celbt kh 
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DR typing ^ 



-<£) <0~ ~<D — CD 

$ 5 5 i 
n n n r 



oligo 52a 



oligo 52b 



F M Si S2 S3 




oligo 52c 



DRw52 
oligo typing 

clone 16 
clone 10 

LB-Q1 




b a 



+ 
+ 



b b 

♦ ♦ 

♦ + 

♦ + 



a 



Figure 5 Oligonucleotide DNA typinff 
analysis of the femily R f or DRw52a> ^ 

I J « F r i° Tmed M describtd « Materials 
and Methods. Each lane contains Eco RI- 
digested genomic DNA from family mem . 
bers whose DR typing is shown. (F, father; 
M, mother; SISS, siblings). The' typing 
results are .ndicated under each lane, and 
compared with the results obtained with 
clones 10 and 16. Expression of the LB-Ol 

R^S , ™ n V rec °gni«d by the T cellfee 
KT279, is also indicated. 



Gorski, J., et al., nuuiuscrirt ihSeD^tS^T?? Y ? (4, and 

identified ^ can now be 

antige^specific T cell line^wS T ?udie? with alloreactive and 

withT^ J***"" of polymorphism 

tion). The relatio^beSSeh fiiSir^H^^' ^ J "' P^™ 1 <™niunica- 
pohonorphism ^SSSS^rT polymorphism, MHC 
phism is presently Sear KS J *' f" d structural MHC polymor- 
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the specific oligonucleotide. Since these clones are restricted by epitopes mannine 

L££ °f * e • $ ,oci ' th ; DR m gene p roduct is "e P H532 

contnbutes to antigen-specific T cell responses. 
Previous indications of heterogeneity within DRw52 were obtained with alio- 

l^H^nu ( u' 27 ' 28 ' and f M 'J- P™"* 1 communicaVont 
and with mAbs (11). However, most determinants that can be recognized bv 

such reagents are not relevant for antigen presentation, which seems to be the 

primary funcuon of MHC molecules. Indeed, restriction by class II molecule! 

SKir1r;^?? fflI, ^^ (1 ' 2 ^ ^WMhepresent 
studies differ fundamentally from these previous reports of DRw52-associated 

?un2;,rV hey ^ J"* °" am5 S en P^tationTand therefore de*ri£a 
functionally relevant polymorphism within DRw52. Our results also indicate a 
direct correlation between these newly recognized functional epitopes and the 

aStt PO,y 7 r 5 h , iS,n ° f ? C DR m «~ identifi€d b V DNA^uenc ng 
and by locus- and allele-specific oligonucleotide probes. g 

DRwt XTi^ 5 ^^^ ^ 8 " n0t ° n, y DRS ' 5 « w6 also 
DRw8. The lack of significant reactivity of our DRw52-restricted allele-sDecific 
clones to all TT^Rw8.APC tested, together with the lack of stimut^ Ke 
alloreactiye^Npecific T cell line RT279 by DRw8 cells (12, and r« ultl 
shown m Table II), and the failure of several mAbs specific for DRw52^oda?ed 
epitope to cognize DRw8 cells (18. Fuggle, S. vTmanuscript subS f£ 
publication) suggest a structural particularity of DRw8. The failure of DRw52 

Mw^lf C ?°^ C,e0tide l ° h y bridize with DNA fr om of these 

Srw52 JtT- ^ "V" thC sero, °g ica,, y ^ned DRw8-associated 

dES-ES^ ^ c" C t0 „ any ° ne ° f * e three a,,des U™*" at locus 
DR /?IH by these reagents. Since RFLP studies of DRw8 cells suggest the presence 

of only a single DR 0 chain gene (30). the best interpretation is tha^ DRwJ 

individuals have only one DR 01 locus whose product is\ecognized by DRw52 

antisera through a DRw52 framework epitope. Y 

rnmTni reS V[ ictio 1 n de *"ninants for antigen presentation appear to relate 
to HLA-DR, rather than to HLA-DQw, or -DP gene products, ahhough these 

* he£ 0 t n ^ Cti ° n " r riC : i0n determina "* (31-33) -Despite ihe 3de£bfe 
y n m0n? P 0 '^^ in TT Preparations, Slowing for multiple 
antigen-class II assooations, the functional DR specificities seem to occur pri! 
manly with the product of the DR 01 gene. This is suggested by the mo7e 
Srt! ° f ^^ed T cell clones comp/red withDRw52^ 
d™«« ™ T,- m ^ eral d ° ning «P«**«i with cells from different 
£SEJP? ° f ,m 1 ! nUn0d0minance of DR Controlled restriction 

could reflect differences in the level of expression of the DR antigens rather 

affinity. This view is supported by recent findings showing that the DR 01 locus 

n SET 1 m U " hree \ to f,Vefo,d more than ,ocus DR * ^e mRNA level 
Whocytes and monocytes (34). Sequential immunoprecip- 
itation studies have also suggested an excess of DR 01 gene product (25). FinallV 

I^SSJSK? ^ APCthat ex P- s ™* DR^lJlJl^an' 
increased efficacy in TT presentation t T cell clones, and this for both DR fi 
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, 00/ 

gene products. The influence of the level of MHr • . 

abberant expression on T cell resn^l , ex P ressi °n. including its 

experiments^ animal and * S"* ""T - * ^ 

out that modifications in the regulation^f uiltl } ' ,T observati <™ P™ 
influence the pattern of T cell ^^"irv r^l " *"* ex P ressi «n ™ght 
functional clasUl epitopes. This avaihbilit/of 
autoimmunity (3) F y crucial role in the pathogenesis of 

alldlTretSnt 'of J^2riT> "fT P ~°" * 
patterns of amino acid J^^d^,^ the Sr S^Sf™ 
gene products. This is illustrated in Fi«r « -I R ^ and DR 

and -w6 haplotypes, DR S2£ diffef ' f "7 eXamp,eS - In the DR3 - ^. 
able segment arTnd iKS ^JSS > ' 3 TT" 
vary by dissimilarities that are scattered th™ i * 8 of,ocus DR 
Therefore, the finding of *mZ™^£ Tc^™ *° ?"* d ° main < 3 ' 4 >" 
DR /H or DR ,8111, a „d dS3S2E^J reStricted either '<*us 

alleles at locus DR fll" canTeTZ 7 -5 ^V"^ «°°8^«i DRw52 
D ThtrT^^ nature of the 

*t-c T cells is 

DRw52 pill a, Hnd cj °Th^ ^!^ n £ * 3 *■ A 

sequence homology between the DR^cSn of DR an^fE* COnsideraWe 
crossreactivity occurred between rh™, • ^ • d DRw6 ' no functional 

As discussed LwlS^rene ron? n *° n .! nCOded ^ these two 
tion of two novel -^^K^SSS" ""^ " "* inm>duC - 
seouence. and this new DR 0 SZ JSSZSZXXS of " ^ 
DR3-restncted T cell clone* rf > rnm ,„2 1 ^ " tne DR3 P* specificity. 
(DR3 01), and not Ae DRw6 ST ^H ^ ' P"?"* ° f Conv ™«* 8« 
restricted clone 16 d<^ ™t rL^ "i^"^ Furthermor e, the DRw52a- 
DR3/DRw52b celfe) Sesofte tlf n ^ P** " P roduct <«P««I on 

^^^S^^^S^^^^ DR3 * Peptide of 
DR3 and DRw6 b Sbre noft£' 2? 5"".** Crimination between 
the conformadonal^ fn" he^ R Si 2? ^' r^ but rather 

interpretationfaaIsoi„r|^ent w R h « ^ ""^f^ by conversi °" (4)- This 
by siteKiirected mutage^TheT *Z d ^ COrre,atm g stru «"e and function 
changes that modify TSSSfflSl ^ nments ^ed that conformational 
mutagenized region (36-38). ™ ™ * ■ site that is distant from the 

acid sequence comp^ s °* ' Ca " 1 !,,so * from Ihe anmi 

between « locus p^oWjl £^'^ luStt rf!° f difference, 
posi-ion 67-74, dnWe, be^ee^^M reg, ° n deft,ed betW ~ n in 
firsl domain and o^t^aS^Z^-^ m f uered *">»gho«t the 

^ur^^^^^^'^ Wi " ,in 
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'^^^.m^SSXS^^Sf^^^ dass H mo,ecu,e 
Since restriction fa linked , o MdoI™ ^ «WW»n by the TCR (1, 41). 

II molecules is proSy en^od^lThe^ ' thc * mi & n bindi »S «te of class 
is of interest to Le™X DF /.HI ^ JSSTF^ In this * 

although they tai^y^^^^, " mo,ecu,es are f «"«ional. 
differences aVe severed) t£ ^ C ^J • 1'° StrUCtUraI diversit y ^ uence 

m the sectoral basis of polymorphism bet^en DR m andDR fl7n' S S" CtIon 
in a difference of their number of a „t;„„„T > . and DR P 111 co "'d result 



Summary 

P^&vS™S^?^ t r ° f T ^te gene 

of locus DR « , A "on? t heXS ^™*«™*>y *«rlb«d allies 
TT was printed by K ^^T 1 eXC "' SiV ' :ly 
clones were stimulated by TT-DRw^APC £„„ ^p '".f 0 "' 1 ^' ""° T <*" 
clones (Clone. 10 and 16) were Sh.iTK ^ •P eaSal *r- *«> two T cell 
APC rim. ifir were stimulated by different subsets of TT-DRw52- 

"~ .""P* 16 responded to some DR3 and TT-DRwfi-APr „h:i. i ,„ 
was stimulated by other TT-DRS and TT no. « j „ ™ ' hlle ck>ne 10 
same pattern of D*w52 rem^T 1 T" DR '^' and a " TT-DR5-APC. This 

overlapped exactly with the stimulation T pattern tfinrf t t ?T T, Ut, ° n 
Clone 16 responded to TT *9 a apt ~i -Z. by tne T cdl clones, 

to a TT-52c^ Til ^ L d ° ne 10 to TT -52b-APC, and both clones 

bymII!oDR^aiT m ' T^Z^- T <*" *— ™ inhibited ^ren^ 
with INF-7 ^h aSedThn^r 7 mCreaSing HLA " C,ass 11 ^P ressi °n 
but did nolmodl^ ° freSp0n$e ° f the ^ clones 

DlTSn TS? dem ° n , strate that 3 restricti °n specificity can be attributed to the 
- *. pa«em of structural divers^ amor* alleles™ DR lESS^S? ~" 
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